To understand the properties and/or reactivity of an organic molecule, an understanding of its threedimensional structure is necessary. Simultaneous determination of configuration and conformation often poses a daunting challenge. Thus, the more information accessible for a given molecule, the better. Additionally to 3 J-couplings, two sources of information, quantitative NOE and more recently also RDCs, are used for conformational analysis by NMR spectroscopy. In this paper, we compare these sources of conformational information in two molecules: the configurationally well-characterized strychnine 1, and the only recently configurationally and conformationally characterized a-methylene-c-butyrolactone 2. We discuss possible sources of error in the measurement and analysis process, and how to exclude them. By this means, we are able to bolster the previously proposed flexibility for these two molecules.
Introduction
For the determination of three-dimensional structures of rigid molecules in solution by NMR spectroscopy, usually dihedral angles determined from scalar coupling constants via the Karplus equation [1] , distances from the Nuclear Overhauser Effect (NOE) [2] [3] [4] , and recently the angular information from Residual Dipolar Coupling (RDC) data [5] [6] [7] [8] [9] are used.
The structure of flexible molecules is much more difficult to determine. In this case, only averaged NMR parameters are accessible. This complicates structure determination. If one succeeds though, important information about structure and dynamics of the molecule under investigation can be obtained.
Due to the different information content of NOE and RDC and their different behavior under conformational averaging, both interactions might lead to different results. It is difficult to tell in advance whether an approach based on only one kind of parameter will work for a given molecule. In consequence, depending on the molecule, a consideration of only one of the two sets of parameters might thus not be sufficient.
We herein demonstrate a combined NOE/RDC analysis for two molecules, strychnine 1 and a-methylene-c-butyrolactone 2 (see Fig. 1 ), and discuss whether a simplified approach would lead to the same results for those molecules.
Conformational averaging
When discussing the effects of conformational averaging on the observation of NOE and RDC, first the timescale of the molecular motion has to be identified.
There are two major regimes of conformational flexibility compared to the timescale of chemical shift evolution: slow and fast exchange [10] . In the slow exchange regime, each conformer that is present in solution gives rise to its own set of signals. The number of populated conformers can therefore be identified from the number of signal sets. In the fast exchange regime, the observed signal is an average over all conformers. Thus, a single set of signals is observed, as would be for a rigid compound. From the number of signals, a rigid compound is indistinguishable from a compound undergoing fast conformational exchange.
In the fast exchange regime, there are two different timescales for the motional averaging of NOE derived distances [3] . Compared to the overall tumbling, as characterized by the correlation time s C , the conformational flexibility can either be faster than s C (slow tumbling) or slower than s C (fast tumbling). To avoid confusion, it is necessary to mention that the timescale of the overall tumbling is different from the timescale of chemical shift evolution. Thus we will adopt the terms fast and slow tumbling [3, 11] for these two terms, while the terms fast and slow exchange will be applied with respect to the timescale of chemical shift evolution.
If a compound is in the fast tumbling regime [3, 11] , the observed distance is an average over the individual distances of all populated conformers according to the following Eq. (1) [3] :
with N being the number of conformers, p l the population of the conformer l and r IS;l the distance of the protons I and S in the conformer l.
If a compound or a part of a compound is in the slow tumbling regime [3, 12, 13] , the observed distance is an average over the individual distances of all populated conformers according to Tropp [12] and is described by the following Eq. (2):
For organic compounds, it is difficult to decide which of those two equations needs to be applied. To be certain which equation is the correct one for a given pair of protons, first the overall tumbling rate s C needs to be determined. While there are methods to do so (e.g. from 13 C relaxation rate constants [3] ), usually one single and constant s C is assumed for the (organic) compound, which is a problematic assumption in itself. Secondly, the molecular motion needs to be compared to s C . This poses a challenge, as the authors are unaware of a way to determine the rate of conformational interconversion in the regime of fast exchange experimentally (if no line broadening due to exchange is present anymore). Thus, it is usually assumed that protons in methyl groups can be described by slow tumbling [3] and are described by Eq. (2) (r À3 averaging), while all other protons are assumed to be in the fast tumbling regime [3] and are described by Eq. (1) (r À6 averaging). Averaging of RDC data is a different matter. In anisotropic solution, the overall tumbling is not isotropic and thus cannot be adequately described by the isotropic tumbling rate s C . Instead, usually the anisotropic tumbling of a compound is described by the Saupe-tensor S [14] or its scaled analogue, the alignment tensor A [15] . For a rigid compound, one tensor is needed to compare the experimental RDC data to a structural proposal. This is called the single conformer single tensor (SCST) model [9, [16] [17] [18] [19] . For flexible compounds, ideally one tensor is used for each populated conformer, this is called the multi conformer multi tensor (MCMT) model [9, [16] [17] [18] [19] . If the conformational interconversion of the compound is fast as compared to the anisotropic tumbling, it might be possible to assume that a single tensor is sufficient to describe the whole ensemble of conformers. This assumption is called the multi conformer single tensor (MCST) model [9, [16] [17] [18] [19] .
It is challenging to judge whether a MCST approach is justified or whether a MCMT approach is necessary. It has been shown for the lactone 2 [19] and for fibrosterol sulfate A [20] that both methods lead to the same result, thus indicating that the assumption of the MCST approach is justified for those two molecules. Its general applicability and its limits are currently under investigation.
Strychnine
Strychnine 1 is composed of seven annealed rings and has been considered to be highly rigid. Its rigidity and well-known complex structure led to strychnine 1 being a challenging target molecule for total synthesis [21] [22] [23] and to it being used as test molecule for NMR method development [24] . Correspondingly, when a hidden flexibility of strychnine 1 in either ring C [25] or ring F [26, 27] was proposed, these results were met with astonishment.
Butts et al. discovered that one distance (H 11b -H 23b ) in a 1D Pulsed Field Gradient Spin Echo (PFGSE) NOE experiment can only be explained by conformational flexibility of ring F in strychnine [26] . This is also in accordance with DFT-calculations performed by the same group, in which 1-2% of the second conformer was proposed based on the free energy difference [26] . The distance H 11b -H 23b shows the best agreement when adding a second conformer 1f2 with a population of 2.2%. The two conformers 1f1 and 1f2 are shown in Fig. 2 .
It should be noted though that Butts et al. did not degas the sample and performed only one (series of) measurement(s) at a single mixing time of 500 ms. This does not allow one to check the validity of the initial-rate approximation [28] . In another paper [11] Butts et al. describe that the initial-rate-approximation is fulfilled for strychnine 1 for up to 600 ms. Another aspect is that at 600 MHz the protons H 23a and H 23b are strongly coupled (strong coupling parameter [3] h ¼ 0:52). Although Butts et al. use a zero-quantum suppression (ZQS) element [29] [30] [31] , full ZQS might not be possible depending on the coupling constant and effectiveness of ZQS [30] and may thus obscure the NOE intensity between H 11b and H 23b . Finally, the relaxation delay of 1 s should be mentioned, which is too short to assure complete relaxation. Butts et al. assume that the NOE obtained can be quantified in spite of all these assumptions. If this is the case, the method of Butts et al. would possess the great advantage that the measurement time can be drastically reduced by not using a mixing time series and complete relaxation. We therefore aim to exclude these potential sources of error and then compare and discuss the results.
Besides the NOE investigations by Butts et al., a RDC analysis was performed by Schmidt et al. [27] . [25] , showing the flexibility in ring C. Right: Two conformers 1f1 and 1f2 according to Butts et al. [26] and Schmidt et al. [27] , showing the flexibility in ring F.
at low temperatures (slow exchange regime), they extrapolated a population of 2.7% 1f2 at 298 K. In addition, they compare previously published RDC data [32] to an ensemble of conformers. The best agreement has been found at a population of 13% 1f2. It is observed that the RDC fit is less sensitive to small population changes. Although newer RDC data exists [33, 34] , fits of these datasets were not shown. We believe the newer RDC data might also allow interesting insights, and thus aim to expand this picture. Further, we will compare the results to the results from the NOE.
In addition to the flexibility of ring F, there are first indications for a flexibility of ring C. Bifulco et al. discovered that calculated 1 J CC values for C 7 -C 17 and C 7 -C 16 change significantly if a second conformer 1c2 with another orientation in ring C is introduced [25] . They concluded that the population of 1c2 is very small (0.11% at 298 K). Schmidt et al. considered this as not reliable [27] , and thus no comparison with experimental data aside from 1 J CC values has been performed. We therefore aim to use experimental NOE and RDC data to also investigate the proposed flexibility of ring C.
Flexibility of ring F
We quantified several proton-proton NOE signals of strychnine via mixing time series (50-400 ms) of fully relaxed 1D PFGSE NOE [35] [36] [37] spectra with ZQS [29] [30] [31] . During the period of validity of the initial-rate-approximation [28] , we evaluated those mixing time series using the Peak Amplitude Normalization for Improved Cross-relaxation (PANIC) approach [38] :
where r IS is the distance between I and S that one wishes to determine, and r IS is the cross-relaxation rate constant which is equal to the slope of the corresponding PANIC plot [38] . -bound protons, we used the relayed calibration as proposed by Butts et al. [11] , and in order to remove the confound of paramagnetic atmospheric oxygen, the samples were degassed; see Supporting Information for details.
The resulting distances mostly are in good agreement with the ones by Butts et al. [26] (see Fig. 3 ). Up to 400 ms mixing time, the initial-rate approximation is valid for all observed distances (see Supporting Information for details).
After determining the distances, we performed a conformational analysis using the self-written software WEEDHEAD (see Supporting Information for details). The populations were varied in 1%-steps. Because only one set of signals is present at 300 K, the conformational flexibility was judged to be in the regime of fast exchange. In addition, no exchange signals were found in the NOE spectra, thus indicating that no slow exchange is present. Averaged distances were calculated using the formula (1) [3] , assuming fast tumbling (r À6 averaging). The averaged distances can then be compared to the experimental values. For H 11b -H 23b , this comparison can be found in Fig. 4 .
We have been able to determine 33 distances in total (see Supporting Information). All of these distances can be compared to averaged distances. At the correct population of the two conformers 1f1 and 1f2, the overall agreement between experimental and averaged distances should be best. Therefore, for each population we determine a quality factor q comparable to the one proposed by Cornilescu et al. [39] for anisotropic NMR parameters:
(with N the number of distances and r IS;exp the experimentally determined distance between spin I and spin S) and search for the minimum (see Fig. 5 ). Again, our results are in good agreement with the results from Butts et al. [26] , and our agreement of the experimental distances with the conformationally averaged distances is even slightly better. The minimum at 98% of 1f1 is essentially the same as determined by the comparison of only H 11b -H 23b (see Fig. 4 ). Thus, in this case, the analysis of one distance would be sufficient.
The common school of thought is that CH-and CH 2À groups in small organic molecules are in the fast tumbling regime [3] . For the above analysis, r À6 averaging has been performed according to Eq. (1). However, we also performed an analysis using Eq. (2), which would be correct for slow tumbling (r À3 averaging). Surprisingly, the description in fast tumbling (r À6 averaging) leads to a description of the experimental data which is just as good as the one for slow tumbling (r À3 averaging; see Supporting Information for details on both evaluations).
Comparison of experimental and simulated NOE for strongly coupled protons
Even though we were able to reproduce the experimental distances from Butts et al. [26] , the interpretation of the experimental data needs to be revisited. It might be possible that the presence of a strongly coupled spin system obscures the distance H 11b -H 23b in a way that no second conformer 1f2 needs to be proposed. Another possible source of error may be spin diffusion. Although it is generally believed that spin diffusion leads to a non-linear behavior of the PANIC plots [3, 40] , we nevertheless wanted to exclude this possible source of error. This non-linearity might be hidden under a scattering of experimental data points, and thus might have an impact on the extracted distance. The spin diffusion, the strong coupling and the existence of zero-quantum coherences therefore need to be evaluated.
For the distance H 11b -H 23b itself, the PANIC plots without and with ZQS are shown in Fig. 6 . Without ZQS, a modulation is visible. This modulation can be suppressed with the ZQS module, as would be expected (see Fig. 7) . Unfortunately, for H 23b -H 11b the ZQS module fails to suppress this modulation (see Fig. 8 ). This, again, is in agreement with the expectation. In our 600 MHz spectrometer, the chemical shift difference of the strongly coupled spins H 23b -H 23a is roughly 50 Hz. Using a swept pulse/gradient pair of 20 ms, this leads to a maximum theoretical suppression of only 16% of the ZQS [29, 30] . This leads to obscured intensities of the irradiated signal H 23b , which leads to the PANIC plot of H 23b -H 11b shown in Fig. 8 , from which no reliable distance can be extracted.
This behavior can be observed when the irradiated spin is influenced by strong coupling. It cannot be observed when the spin in the strongly coupled system is the observed spin: The corresponding PANIC plot is linear. Still, it cannot be excluded that strong coupling and/or spin diffusion is present. We therefore decided that a full relaxation matrix approach is necessary to exclude those influences. Fig. 5 . Conformational analysis of 1 using our distances (red) and the ones from Butts et al. [26] (blue). The y-axis shows the quality factor q (Eq. (4)). The lower the quality factor, the better the agreement of all experimental distances to the distances averaged from conformers 1f1 and 1f2 by Eq. (1). The best agreement can be found at a population of 98% 1f1 for our values, or at 97% for Butts et al.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Using the Spinach library [41-44], we simulated the PANIC plots for the distance H 11b -H 23b , including the possibility of conformational flexibility (Spinach parameters, details of the simulation and the simulated PANIC plots can be found in Supporting Information). The corresponding PANIC plot for a population of 98% 1f1 is shown in Fig. 7 , along with the experimental PANIC plot. The conformer populations were varied in 1%-steps between 90% and 100% 1f1, and in 10%-steps between 0% and 90% 1f1. Again using H 15a -H 15b as reference distance, we compared these simulated distances to distances averaged by Eq. (1) (see Fig. 9 ). The simulated curve corresponds to the expected average distance very well.
This result leads to the conclusion that the main influence on the distance H 11b -H 23b is conformational flexibility. If strong coupling and/or spin-diffusion obscures the signal intensity, its influence is much weaker and can thus be neglected. It therefore is necessary to add a second conformer to the analysis to be able to explain the experimental distance of H 11b -H 23b . Thus, the approximations from Butts et al. [26] are valid.
Flexibility of ring C
It is also possible to compare the determined experimental distances to distances averaged from the structures 1c1 and 1c2 determined by Bifulco et al. [25] , which include flexibility at ring C. Of special interest is the distance H 18b -H 20b , the situation of which is comparable to that of H 11b -H 23b for ring F: the determined value of (2.343 AE 0.011) Å is slightly too short for conformer 1c1 (2.46 Å). Adding a second conformer 1c2 thus improves the agreement of experimental and averaged distance (see Fig. 10 ). The single value would lead to a population of 62% 1c1.
It is again possible to compare all experimental distances to averaged distances, and to determine the quality factor q (Eq. (4)). The result is shown in Fig. 11 . In contrast to the previously described situation of ring F, the addition of 1c2 does not improve the quality of the fit, even though the agreement of H 18b -H 20b improves. On the other hand, the agreement of H 18a -H 20b and H 18a -H 16 gets worse (data not shown), thus counterbalancing the improvement in H 18b -H 20b .
A three-conformer-fit including 1f1, 1f2 and 1c2 was also performed to check for both ring flexibilities in the same fit. Again, no improvement is found when adding 1c2. The minimum is at 98% 1f1, 2% 1f2 and 0%1c2. The data is shown in Fig. 12 .
For ring C, the analysis of one single distance leads to a different result than the analysis of all determined distances and thus needs to be viewed with caution. In this case, it is necessary to look at all distances. As a result, no improvement is achieved when adding a second conformer 1c2. The main influence on the improvement of the fit is the addition of 1f2. On the basis of this data, flexibility of ring C can be neglected.
RDC analysis
Next, we performed a conformational analysis using previously published RDC data. We chose the Multi Conformer Single Tensor (MCST)-method of the program hotFCHT [45] (see below), and we will discuss the results based on the quality factor Q as defined by Thiele et al. [19] , which includes the experimental error DD i;exp of the i-th experimental RDC D i;exp :
with N being the number of RDCs. . Conformational analysis of 1 using all our distances (red). The y-axis shows the quality factor q (Eq. (4)). The lower the quality factor, the better the agreement of all experimental distances to the distances averaged from conformers 1c1 and 1c2 by Eq. (1) . No improvement can be found when adding 1c2, the broad minimum lies at 100% 1c1. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
There are several RDC datasets for strychnine [46, 32, 47, 33, 34] . All of them include the RDC C 12 -H 12 , the spatial relationship of which changes with respect to the rest of the molecule when adding the conformer 1f2. The spatial relationships that change the most with respect to the rest of the molecule and therefore are of greatest interest are C 23 -H 23a and C 23 -H 23b . These RDCs are only included in some of the datasets.
The first dataset was published by Thiele et al. [46] . Strychnine was oriented in Poly-c-benzyl-l-glutamate (PBLG)/CDCl 3 . The dataset contains very few RDCs, each with large errors, and does not include RDCs for C 23 -H 23a and C 23 -H 23b . Little improvement of the fit is thus expected when adding the second conformer 1f2. This small improvement is observed (see Fig. 13 ), which seems to be too small to be of significance.
Next, strychnine was oriented in Poly-c-ethyl-l-glutamate (PELG)/CDCl 3 , again by Thiele [32] . This dataset includes RDCs for C 23 -H 23a and C 23 -H 23b . As discussed by Schmidt et al. [27] , the quality of the fit improves when adding a second conformer 1f2. The best agreement of experimental and calculated RDC data can be found at a population of 87% 1f1.
RDC data by Luy et al. were measured in cross-linked polystyrene swollen in CDCl 3 [47] . This dataset also includes RDCs for C 23 -H 23a and C 23 -H 23b . There is a small improvement of the fit, but it is too small to be of significance.
Meyer et al. recently published two RDC datasets for strychnine aligned in two enantiomers of polyacetylene/CDCl 3 [33] . Both datasets do not include RDCs for C 23 -H 23a and C 23 -H 23b , correspondingly the improvement of the fits is small or nonexistent. Another set of RDCs exists from Meyer which includes the RDC for C 23 -H 23a and C 23 -H 23b [34] . The fit shows an improvement when adding 1f2, but the improvement again is too small to be of significance.
Thus there are data sets (by Thiele [32] and Luy et al. [47] ), which show an improvement of the fit when a second conformer is added, but these data sets show the worst overall agreement of experimental and back-calculated RDCs and need to be viewed with caution. The other, newer datasets show no or insignificant improvement when adding 1f2. In consequence, for strychnine, the RDC analysis is not able to detect a small addition of the second conformer 1f2. In this particular case, the NOE analysis seems to be superior to the RDC analysis.
Although a flexibility of ring C was not found in the NOE analysis, we chose to investigate this matter further using the RDC datasets. The RDC analysis reveals the same trend as the NOE analysis (see Fig. 14) . Only the RDC dataset from Luy et al. [47] shows an improvement when adding a second conformer 1c2. This improvement is small, and it does not lead to a good description of the system. In accordance with the results of the NOE analysis, the flexibility of ring C is not necessary to describe the experimental data.
A three-conformer-analysis of the RDC data is shown in Supporting Information and leads to the same results as the separate analysis of the rings C and F: Only the RDC dataset from Luy et al. [47] shows a small improvement when adding both 1f2 and 1c2. The dataset from Thiele [32] only improves when adding 1f2; adding 1c2 does not improve the quality of the fit.
While one could be tempted to view these small improvements as indicative for a second conformer, we believe that all improvements are too small to be of significance. Fig. 12 . Conformational analysis of 1 using all our distances. The quality factor q (Eq. (4)) is color-coded. The lower the quality factor, the better the agreement of all experimental distances to the distances averaged from conformers 1f1, 1f2 and 1c2 by Eq. (1), with the black area being the area of the best agreement. Only if 1f2 is added, an improvement can be observed; no improvement can be found when adding 1c2. The minimum is at 98% 1f1, 2% 1f2 and 0%1c2. Fig. 13 . MCST fits using previously published RDC data for 1 from Thiele et al. [46] , Thiele [32] , Luy et al. [47] , Meyer et al. [33] and Meyer [34] . The solid lines indicate fits that include RDCs for C 23 -H 23a and C 23 -H 23b , while fits represented by the dashed lines do not include these RDCs. MCST fits using previously published RDC data for 1 from Thiele et al. [46] , Thiele [32] , Luy et al. [47] , Meyer et al. [33] and Meyer [34] . The solid lines indicate fits that include RDCs in the flexible ring C, while fits represented by the dashed lines do not include these RDCs.
a-Methylene-c-butyrolactone 2
The description of dipolar couplings in the presence of conformational flexibility has been extensively studied [48-51,16-18,5 2-59] . RDCs especially have shown their potential in determining conformer populations [6, 5, 9, [60] [61] [62] [63] [64] 20, 65] . Recently, RDC data has yielded information on both the configuration and conformation of the organic molecule a-methylene-c-butyrolactone 2. The goal of the RDC analysis [66] was to determine the relative configuration of the stereogenic centers C 2 and C 3 in the five-membered ring, which was ultimately shown to be trans. In addition, it was later shown [19, 67] that there are two conformers for the transconfigured ring. Using the MCST model, the population of conformer 2trans1 was determined to be (60 AE 20)%. From the (MCMT) model, the extracted population was (65 AE 7)%. These values are in very good agreement with those extracted from J coupling constants ((60 AE 20)%). The populations of 2trans1 and 2trans2 (see Fig. 15 ) were thus determined to be approximately 60% and 40% [19] .
Due to the lack of analyte of sufficient purity at that time, it had not been possible to determine significant distances using the NOE [66] . Therefore a determination of the configuration and conformer populations using NOE derived distances could not be achieved. Thus, it was not possible to check whether a conformational analysis using NOE data would lead to the same results as the analysis of the RDC data.
In the meantime, more analyte has been synthesized [68] and purified, enabling us to do a thorough NOE analysis. The distance of greatest interest is the one between the protons H 2 and H 3 , which may be syn (cis-configuration) or anti (trans-configuration). The resulting experimental distance is closer to the distance corresponding to a trans configuration, but significantly deviates from the one expected from the structures (see Fig. 16 ). In this case, it is not sufficient to look at just one distance, so we performed a full NOE analysis using mixing time series (50-400 ms) of fully relaxed 1D PFGSE NOE spectra with ZQS. As calibration distance, we chose H 6b -H 6a as rigid distance and set it to 1.886 Å.
We have been able to determine four distances with good precision. Two of those distances include a methyl group. The protons in these groups are assumed to be in the slow tumbling regime [3, 12, 13] . Therefore, the distances from each of the three methyl protons to the proton showing the NOE are averaged for every conformer according to Tropp [12] , using Eq. (2) (r À3 averaging). This averaged methyl distance is then used as r IS;l in Eq. (1). This two-step averaging process for methyl groups again has been implemented in WEEDHEAD. The result of this analysis is shown in Fig. 17 and demonstrates that the original assignment of trans is correct, and leads to conformer populations of 71% 2trans1 and 29% 2trans2. This is in very good agreement with the RDC data and also with conformer populations approximated from free energy differences in quantum chemical calculations [66, 19] .
It needs to be noted that the experimental value for the distance H 2 -H 3 is too large for both the trans-and the cis-configuration (see Fig. 16 ). From this, one could assume that the trans-configuration seems more reasonable, because the experimental distance is closer to the distance from the trans-configuration, but no population information can be extracted. The corresponding PANIC plot (see Supporting Information) shows a rather large scattering of the data points, thus this distance is to be viewed with caution. We believe that in this case it is not sufficient to look at just one distance to determine the relative configuration of the five-membered ring. In this case, the combined NOE/RDC analysis seems to be superior.
For the above analysis, the tumbling has been assumed to be fast. Thus, according to Eq. (1) r À6 averaging has been employed.
Additionally, we have performed an analysis using r À3 averaging according to Eq. (2), which would be correct for slow tumbling. In addition, we have also tried the permutations where the methyl groups are in the fast tumbling regime (r À6 ), leading to four possible combinations of Eqs. (1) and (2) . The best description of the experimental data can be found using the two-step averaging described above (see Supporting Information for details). 16 . A comparison of the distance H 2 -H 3 in 2 averaged for the cis-(blue) and trans-configuration (red), respectively, and the experimental value (black, experimental error represented as dashed lines). The experimental distance is too large for both the cis-and the trans-configuration. It is closer to the trans-configuration, but this result should be met with caution. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 17 . Conformational analysis of the cis-(blue) and the trans-configuration (red) of 2. The quality of the fit is much better for the trans-configuration, with a minimum at a population of 71% of 2trans1. This is in good agreement with the RDC data [66, 19] . (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Conclusion
For strychnine 1, we confirmed that a second conformer 1f2 has to be taken into account to understand the experimental NOE data. This result is in agreement with the results from Butts et al. [26] .
By preparing the sample without oxygen, we excluded paramagnetic relaxation partners. In addition, we excluded possible influences from strong coupling or incomplete relaxation and checked the validity of the initial-rate-approximation. As a result, we were able to determine 33 distances that can only be fully explained when including conformational flexibility at ring F. For this ring, the evaluation of one distance H 11b -H 23b leads to the same result as an analysis of all 33 distances. Thus for ring F one distance was enough to achieve a correct description of the populations of the conformers.
At ring C, the analysis of only one distance can be misleading. When all distances are taken into account, no improvement can be found when adding a second conformer 1c2.
In the case of a-methylene-c-butyrolactone 2, the evaluation of only one distance leads to the correct assignment of relative configuration, but no populations can be described. It is necessary to evaluate all four accessible distances, leading to populations of 71% 2trans1 and 29% 2trans2.
The RDC analysis for strychnine 1 only shows weak dependence of the quality factor on conformer populations and thus was not able to detect a second conformer. For a-methylene-cbutyrolactone 2, the results of the RDC analysis [66, 67, 19] match the result from the NOE analysis.
Thus, we believe that both methods have strengths and weaknesses. Due to the r À6 -averaging and its local character, the NOE changes significantly if (large) variations over short distances are present, but not if (small) variations in distant parts of the compound are present. The RDC analysis, on the other hand, benefits from its global character, so that changes at distant parts of the compound can be determined, but it will fail if only minor changes in local geometry are present.
In some cases, it can be enough to look at just one of the parameters, or even just one experimental value (as is the case for ring F of strychnine). However, there is no guarantee that this approach will work for a given compound. In our opinion, the best way therefore is to look at both NOE and RDC to benefit from the strengths of both methods.
